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■INTRODUCTION 

Under Marshall Space Flight Center Contract NAS8-34195, Unidynamics/ 
Phoenix, Inc. desiged, fabricated, and qualified the hydrogen burn- 
off igniter illustrated on the next page to MSFC-SPEC-541. This 
it’era is a pyrotechnic device used to burn off excess hydrogen 
gas near the Space Shuttle Main Engine (SSME) nozzle. 

As set forth in the"* statement of work, the program was to be 
completed in four phases: 

« Phase I - Material Study and Prototype Design 

• Phase II - Prototype Fabrication, Development 

Testing, and Final Design 

• Phase III - Fabrication 

• Phase IV - Qualification Testing 

MSFC-SPEC-541 specified that the burnoff igniter was to have a 
function time of 8 + 2 seconds, a minimum three-foot flame 
length at maximum output, and hot particles projected 15 feet 
when fired directly into or perpendicular to a 34.5-knot wind. 

The three- foot flame requirement was considered to be of 
questionable importance, since the hot particles are the media 
for igniting the hydrogen. Flame temperature was to be greater 
than 1500°F. As shown by the qualification report*, all of 
these specifications were met. 

Additional details are provided in subsequent sections. 


*Unidynamics Document” No. 51-1151-QTR-03 . 
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PHASE I ** MATERIAL STUDY 


Since it was deemed desirable to eliminate all corrosive halides 
from the combustion products of the hydrogen burnoff igniter, 
the most promising propellant composition was a composite of 
potassium nitrate, a hydrocarbon fuel-binder, a high-combustion- 
temperature metal powder of appropriate particle size, and 
necessary ballistic additives to enhance ignition or modify 
burn rates. "■ 

Potassium nitrate was selected as the best candidate because 
of its relatively non-hygroscopic nature and established history 
of use in halogen-free propellants and ignition materials. 

It was felt, however, that the most widely used solid propellant 
oxidizers, such as ammonixm perchlorate, should not be eliminated 
from this program even though they do produce small amounts of 
corrosive halides in the combustion process. Therefore, the 
potassium nitrate formulations and the ammonium perchlorate 
formulations v/ere evaluated simultaneously. 

The oxidizer/fuel binder/ballistic additive combination functions 
as a propellant base to generate a controlled mass flow of hot 
gases to form a high velocity jet in the exit plume of the nozzle. 
This flovf of high temperature, high velocity gases contains a 
flux of entrained burning particles of the metal fuel additive. 

These particles are ejected into the plume while still burning 
and continue on their respective flight paths for distances which 
are determined principally by their initial velocity, particle 
sizes, burning rates in air and the effects of wind velocities. 

The NASA requirements of 8.0+2 seconds burn time, spark pro- 
jection of 15 feet minimum when fired directly into or perpendicular 
to a 34.5-knot wind, and particle temperature of 1500 °F were all 
met under this program. Total cartridge burn time was controlled 
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by grain web thickness, length of grain and nozzle opening. 
Several nozzle opening diameters and shapes were evaluated 
during the program in an effort to control the particle plume. 
The nozzle shaping configurations proved to be ineffective due 
primarily to the fact that the resulting nozzle opening was 
relatively small. Two of the tested nozzle configurations are 
illustrated on the next page. 


Since it was still desirable to be able to reduce or eliminate 
errant sparks which traveled above the 28-inch height as measured 
from the centerline of the unit, a spark deflector which could 
easily be attached to the nozzle was designed. This deflector 
effectively controlled the errant sparks. 

A series of small laboratory-size batches of propellants using 
various metals for the sparks were blended as a means of quickly 
evaliiating spark characteristics. Zirconium, aluminum, iron 
and magnesium were evaluated. Zirconium proved to be the best 
candidate. Essentially two particle-size zirconiums were evaluated; 
the finer particles produced undesirable anomalies. Coarser 
grade zirconium, approximately 400-micron, produced good spark 
characteristics and was selected for the final design. 

The computer analysis reproduced on the following pages was 
conducted for the final propellant system. The potassium nitrate 
and the ammonium perchlorate compositions evaluated during 
Phase I are discussed more thoroughly in the following sections. 
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NOZZLE CONFIGURATIONS 
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POTASSIUM NITRATE COMPSITIQNS EVALUATED IN PHASE I 

Table I summarizes this series of evaluations, and the individual 
compositions are discussed below. 

lest No. 1 involved the following composition: 

• 64.0% Potassium Nitrate 

• 11.4% Hydroxyl-Terminated Polybutadiene (HTPB) 

• 14,0% Zirconium (30-44 Micron) 

• 6.0% Boron 

• 2.5% Dimethyl Diisocyanate (DDI-1410) 

"■ 2.0% Ferric Oxide 

• 0.1% Antioxidant ?CA0-14) 

This composition was trussed into a pellet at 1500 psi. The 
pellet was then inhibited with a mixture of Epon 828 (50 percent) 
and Versamid 140 (50 percent). When fired, the propellant 
overpressurised in rhe test unit using a noszle diameter of 
0.200-inch (K^49). The nozzle asssembly was expelled. 

Test No. 2 used the following composition: 

• 56.0% Potassium Nitrate 

o 20.0% Powdered Sugar, commercial grade 

• 16.0% Zirconium (-200/+325) 

• 6.0% Polyester Resin 

• 2.0% Ferric Oxide 

This composition was pressed into a pellet at 10,000 psi and 
inhibited with a mixture of 50 percent Epon 828 and 50 percent 
Versamid 140, Overpressurization occurred in the test unit 
using a nozzle diameter of 0.200-inch (K^49) . The nozzle was 
expelled. 



TABLE I - POTASSIUM NITRATE PROPELLANT TESTS 
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Tests 8 and 10 employed the following composition: 


• 54,0% Potassium Nitrate (15.4-micron) 

• 24.0% Powdered Sugar, commercial grade 

• 14.0% Zirconium (Type I, Class 1) (approximately 400 micron) 

• 8.0% Fluorel 

Test Unit No. 8 was fabricated using a 0. 200-inch diameter 

nozzle, (K^45) , and it burned for 23,35 seconds. The burn 

was stable, but spark output and projection were poor. 

Number 10 also had a 0.200-inch diameter nozzle (K 45). This 

n 

unit also produced poor sparks. Burn time was 22.78 seconds. 

Tests 27 and 30 used the following comp''sition: 

• 41.39% Potassium Nitrate (15.4 Micron) 

o 31.03% Zirconium (Type I, Class 1) (approximately 400 micron) 

• 8.62% Magnesium , 

8.62% Powdered Sugar’, commercial grade 

.• 8.62% Fluorel (10% solution in MEK) 

• .1.72% Boron 

The propellant was pressed at 10,000 psi and then inhibited 
using a mixture of 50 percent Epon 828 and 50 percent Versamid 
140. Test Unit No. 27 had a 0.200-inch diameter nozzle (K 49). 

A stable burn with good spark output was sustained for 6.89 
seconds. Te.st Unit No. 30 had a 0.150-inch diameter nozzle 
(K^87) . A 3.45-second stable burn produced good spark output. 



A totc^l Of 14 tests were conducted using the following propellant 
composition : 


41.0% Potassium Nitrate 

30.0% Zirconium (Type I, Class 1) (approximately 400 micron) 
9.0% Magnesium 

9.0% Powdered Sugar, commercial grade, with 3.0% cornstarch 
9.0% Fluorel 
2.0% Boron 

All pi'opellants in this series were inhibited using a mixture 
of 50 percent Upon 828 and 50 percent Versamid 140. Test No. 

33 had a 0.150-inoh diameter nozzle, (K^^87), and the nozzle 
assembly was expelled during functioning. 

Test Units 34 and 35 had 0.189-inch diameter nozzles. Test 
No. 34 had a 7.2-second burn with good spark output. The 
nozzle expelled on Unit 35 during functioning. As a result 
of the expulsion of nozzles, a brief analysis of the cause 
was conducted. It was felt that the reuse of hardware more 
than tvi?ice resulted in thread fatigue, thus causing the nozzle 
housing to blow out. This problem was eliminated when new 
hardV'Jare was used exclusively for testing. 

Tests 38, 40, 41, 45, 46, 50, 52, and 53 were conducted as 
above but with 0.250-inch diameter nozzles. All units produced 
good sparks with stable burns for the durations as listed below: 


Unit No, 

Burn Time 
(seconds) 

Unit No. 

Burn Time 
(seconds) 

38 

10.6 

46 

10.3 

40 

10.6 

50 

10. 6 

41 

10.6 

52 

10.0 

45 

10.3 

53 

10.9 



■' 14 - 


On October 24, 1980, Unidynamics conducted a series of tests 
for MSFC and Rockwell International. The tests were conducted 
in cross winds of 40 railes per hour and 20 miles per hour tb 
evaluate the effects of the wind upon the sparks. Basically, 
the units performed very well under the effects of the wind. 
Units 45, 46, 50, 52 and 53 of the above group were fired into 
a cross wind with the following results: 


Unit No. Cross Wind Velocity Spark Deflection 


4f3 

46 

50 

52 

53 


40 mph 

6 

to 

10 

feet 

4 2 mph 

6 

to 

12 

feet 

38 mph 

8 

to 

10 

feet 

20 mph 

2 

to 

6 

feet 

20 mph 

2 

to 

10 

feet 


Although the cross wind did deflect the sparks, a significant 
number passed through a target placed seven feet away. Spar’ 
projection was in excess of 15 feet. 

Test Units 4 2 and 43 using the same propellant composition had 
0.238“inch diameter nozzles and produced stable burns with good 
spark output. Test; Unit. No- 42 had a burn time of 10.5 seconds, 
and Unit No. 43 burned for 10.6 seconds. 

Test Unit No. 54 using the same propellant composition had a 
0.221- inch diameter nozzle. It produced good spark output and 
burned for 7.57 seconds. 


Although the potassium nitrate units performed well under the 
wind conditions, Unidynamics also tested the anmioniura perchlorate 
compositions under the same conditions. Both compositions per- 
formed well with the potassium nitrate producing more smoke. 
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SincG it was felt that the small amount of corrosive halides 
given off by the ammonium perchlorate compositions were 
insignificant/ a decision was made to concentrate on the more 
widely used ammonium perchlorate system. In addition to the 
potassium nitrate compositions, one unit was fabricated (Test 
No. 28) using the following composition: 

60.0% 47-PPR-Ol 

42.0% Magnesium Powder 
21.0% Halon 
6.5% Pluoi-el 
3.5% Red Lead Oxide 
27.0% Tetranitrocarbazole 
40.0% Zirconium (Type I, Class 1) 

This unit had a 0.125-inch diameter nozzle (K^^IZS) . Burn time 
was 3.91 seconds. The burn was stable but with poor- spark output. 
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AMMONIUM PERCHLORATE COMPOSITIONS EVALUATED IN PHASE I 


Table II summari 2 es this series of evalvmtions, and the individual 
compositions are discussed below. 

The ammonium perchlorate compositions evaluated were fox'mulated 
using a bi-modal particle distribution of ammonium perchlorate, 
and a ground ammonium perchlorate system. Nozzle diameter varia- 
tions were also evaluated. Test No, 3 had the' following composition 

• 32. OS Anmonium Perchlorate 

• 32. OS: Ammonium Perchlorate {approximately 11 micron) 

• 13.1% R-45M 

• 19.0% Zirconium (-200/325 mesh) 

• 2.8% DDI-1410 

• 1.0% Ferric Oxide 
e 0.1% CHO-14 


This mixture was readily castable and burned vigoi-ousiy with "good 
sparks. However, Unit No. 3 with a 0.200-inch nozzle (K^49) 

expelled the nozzle. This phenomena was attributed to the 
multiple uses of the hardware causing structural fatigue. 

Test No. 4 had the following composition: 

« 32.0% Ammonium Perchlorate 

• 32.0% Ammonium Perchlorate {approximately 11 micron) 

• 13.1% R-45M 

• 12.0% Aluminum (Reynolds No. 40-30+5 micron) 

• 7.0% Aluminum (Reynolds No. 1-842) 

• 2.8% DDI-1410 

• 1.0% Ferric Oxide 

• 0.1% CAO-14 
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This composition was readily castable, and stable burning, but 
spark output was poor. Tlie unit had a 0.200-inch diameter 
nozslc and burned for 2.0 seconds. Since the sparks produced 
were poor, aluminum was eliminated from further development 
activitiy . 

Test Numbers 5, 12, 13, and 16 featured the following composition: 

« 29.05 Ammonium Perchlorate 

• 29.05 Ammonium Perchlorate (approximately 11 micron) 

« 24.05 Zirconium (Type I, Class 1) 

• 14.85 R-45M 

• 3,2% DDI-1410 

This composition v^ras readily castable. Unit No. 5 had a 0.200- 

inch diameter nozzle (K 44) and produced a stable burn and good 

sparks for 18.41 seconds. Test Unit No. 12 also had a 0.200- 

inch diameter nozzle (K 45), and its burn time was 21,27 seconds 

with good stability and output. Test Unit 13 had a 0.150-inch 

diameter nozzle (K 81), and its burn time was 13.9 seconds. 

n 

Test Unit 16 had a 0.150-inch diameter nozzle (Kj^79) and a burn 
time of 12.9 seconds. Both units produced good sparks with a 
stable burn . 

Tests 6 and 7 evaluated the following composition: 

• 58,0% Ammonium Perchlorate, -ground approximately 11 micron) 

• 24.0% Zirconium (-200/+325 mesh) 

• 14.8% R-45M 

» 3.2% DDI-1410 

Both units had 0,200-inch diameter nozzles (K^44), and both 
had burn times of 30 seconds plus. However, the units chuffed 
during burn, and few sparks were produced. 
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Tests 9, 11, 14, and 15 were conducted with units incorporating 
the following propellant composition: 

« 32.0% Ammonium Perchlorate 
« 32.0% Ammonium Perchlorate (11 micron) 

• 20.0% Zirconium (Type I, Class 1) 

» 13.2% R-45M 
o 2.8% DDI-1410 


Unit No. 9, with a 0.200-inch diametex' nozzle (K^4 6) , had a 
burn time of 18.82 seconds. It chuffed during burn, but spark 
output was good. Unit No. 11 also had a 0.200-inch diameter 
nozzle (K^45) , and it burned for 19.6 seconds. The spark output 
was good and the burn was stable. 


Test Units 14 and 15 had 0.150-inch diameter nozzles (Kj^79) , 
Unit No. 14 had a burn time of 7.30 seconds, and Unit No. 15 
had a burn time of 2.99 seconds. Both units burned stably with 
good spark output. 

The following propellant mix was used in Tests 17, 18, 19 and 
20 : 


• 24.0% Anunoiiium Perchlorate 

• 40.0% Ammonium Perchlorate (11 micron) 

• 20.0% Zirconium (Type I, Class 1) 

» 13.2% R-45M 

• 2.8% DDI-1410 


Units 17 and 19 had 0.200-inch diameter nozzles (K 46) and 

n 

produced burn times of 19.90 and 19.35 seconds, respectively. 
Both units had stable burns with good spark output. Unit No. 18 
had a 0.150-inch diameter nozzle (K^ 81) and burned stably' for 
11.74 seconds with good spax*k output. 
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Unit No. 19 had a 0. 150-inch dianiGtor nozzle (K 81) and 
produced a burn time of 9.50 seconds. This unit chuffed, but 
spark output was good. 

The following propellant composition was used for Tests 21, 22, 

23, 24, and 25; 

• 29.05 Aramcnium Perchloratfe 

• 29.05 Ammonium Perchlorate (11 micron) 

• 24.05 Zirconium (Type I, Class 1) (appi'oximately 400 micron) 

• 14.75 R-45M 

• 3.25 DDI-1410 

• 0.15 CAO-14 

All five units had 0,150-inch diameter nozzles (K^81) . With 
the exception of Test No. 25, all units chuffed for approximately 
two seconds after ignition and then burned stably for the 
remainder of function. This indicated slight nozzle plugging. 

Unit No. 25 had a stable burn throughout. All units had good 
spark , output, and burn times were 10.66, 11.40, 10.30, 10.46, 
and 9,90 seconds, respectively. 

Units 21 and 22 incorporated a four-inch long deflector shield 
made from 0.010-inch thick stainless steel. This produced no 
significant deflection in the spark pattern, because the 0,010- 
inch thick stainless steel shield would not withstand the heat. 

Unit 25 had a one-inch long deflector shield made from 0.010- 
inch stainless steel. It also proved ineffective. A thicker 
walled deflector was later fabricated which did significantly 
ro'lvice the errant sparks. 

At this point in the program, the bi-modal particle size 
distribution of ammonium perchlorate was discontinued in 
favor of the ground perchlorate for burn rate enhancement. 
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Considerable effort was expended in selection of the proper 
propellant composition/ inhibitor material, nozzle configuration 
and the addition of a small amount of ferric oxide to act as 
a burn rate catalyst. The final propellant composition developed 
for this program was designated CH^ MOD 4 and has the follo\'/ing 
ingredients ; 

• 58. OS Ammonium Perchlorate, (ground approximately 12 micron) 
o 23. 5 S Zirconium, Typo I, Class 1 

• 14. 8S Hydroxy-tem\inated Polybutadiene 

• 3.2S DDI-1410 Catalyst 
a 0.5S Ferric Oxide 

The final nozzle diameter was 0,221-inch, (K^37). All tetets 

produced stable burns and good spark projection. Additional 
discussion of burn characteristics is provided in the next 
section. 

A total of 10 units were fabricated and shipped to Santa 
Susana Field Laboratory and NSTL. 
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PHASE II - PROTOTYPE FADKICATIOM AND DEVELOPMENT TESTING, AND 
FINAL DESIGN 


This phase encompassed preparation of final drawings, the 
acceptance test procedure, RIOS, and manufacturing process 
procedures. The documents were presented to MSFC in a design 
review meeting on November 10 and 11, 1980. Recommended changes 
were incorporated and these documents were submitted for final 
approval on November 19, 1980. Final approval was granted- on 
November 24, 1980. 

As specified in MSFC-SPEC-541, the N3I igniter cartridge fifty- 
percent fire point tests were conducted on November 11. Twenty units 
functioned at a distance of 2.23 inches, which is an increase 
of one inch above normal. No further tests were conducted, 
since all units functioned. 

motor testing was conducted on November 25. Internal/external 
burning centrally perforated grains with both ends inhibited were 
tested in the 30-3738 motor. Results are tabulated below and 
shown graphically on the next page. 




Grain 


Max. 


Jiction 

Burn 

Test 

OD ; 

X ID X Length 

K 

n 

Pressure 

P 

Time 

Rate 

No. 


(inches) 

(psig) 

(psig) (sec) 

(in/sec) 

1 

0.935 X 

0.250 X 0.904 

193 

728 

583 

0.345 

0.50 

2 

0.945 X 

0.250 X 0.505 

109 

312 

224 

0.461 

0.38 

3 

0.922 X 

0.375 X 1.103 

258 

' 1230 

963 

0.242 

0.57 


Strand burning rate tests were also conducted on November 19. 
The propellant strands were inhibited with two coats of 50/50 
Epon 828/Versamid 3,4 0 with two percent carbon black added. 



PROPEU.AMT COMPOSITION - CH^ MOD 4 
PROPELLANT LOT NO. - EL-iaseS 
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Strands were burned under nitrogen in the low pressure bomb. 


Results are 
page. 

tabulated below and 

shown graphically 

on the previous 

Pressure 

Length 

Time 

Rate 

(psig) 

(in) 

(sec) 

(in/second) 

1,000 

1.90 

3.157 

>0.61 

1,000 

1.90 , 

3.094 

0.614 

500 

a. 93 

3.688 

0.523 

500 

2.00 

4.137 

0.483 >0,51 

500 

2.00 

3.802 

0.526 

250 

2.00 

5.147 

0.389 

250 

2.00 

4.891 

0.409 

50 

1.95 

7.208 

>0.25 

50 

1.90 

8.052 

0.236 


One lot of 28 igniter cartridges were fabricated in December 1980 
using accepted process procedures. Before pre-qualification 
testing the lot was subjected to the 100-percent acceptance 
tests described below and outlined by the table on the next page. 

Visual Mechanical . Each NSI igniter cartridge was inspected for 
conformance to workmanship, dimensional, and marking require- 
ments of Drawing 51-1151, Revision A. Five units (S/N 111, 112, 
114, 125, and 129) failed this test. Units 111 and 114 had a small 
crack in the adapter. Units 112, 125, and 129 had a small crack 
in the nozzle housing. These cracks would cause the units to fail 
the leak tests. MSFC gave approval to use these units in test. 

Six additional units had voids or blow holes in the weld area 
which could not be sealed. These units were also approved for 
test by MSFC since the leaks would not affect performance. ■ 
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N5I Flight Certification . Verification was made that each 
cartridge was listed by serial number and lot number in the NASA 
Flight Certification Document <P/N SEB 261-0000-1) . 

NSI Staking Verification . Verification was made that all units 
were welded to the initiator adapter for hermetic sealing per 
NASA/JSC Drawing SED 261-0000-1. 

Leak Tests . Maximum allowable leakage was 1 x lO" cc per second 
of helium measu3:ed at one atmosphere differential pressure and at 
ambient temperature. Twenty-five igniter cartridges were subjected 
to the gross leak check per Pai'agraph 4. 1.4. 2 of Unidynamics ’ 

.Document 51-1151-ATP-Ol. Eleven units failed. These units were 
used as the eleven test units in the pre-qualification series. 

The same group of 25 units was also subjected to the helium leak 
test per Paragraph 4. 1.4. 3. of Unidynamics' Document 51-1151-ATP-Ol. 
The eleven units that failed the gross leak also failed the helium 
leak. (See Visual/Mechanical paragraph. ) , 

Padioqraph In.spcction . Each igniter cartridge was X-rayed for 
evidence of visual defects, missing components, cracks, and 
voids. None were found. 

Bridqewire Resistance . All units were within t]ie specified 
resistance of 0.95 1.15 olims. 

Insulation Resistance . All units passed an insulation resistance 
test measured between the shorted bridgewire circuit and the 
igniter body. Resistance was greater than two megohms (25 micro- 
amperes) at 50 VDC. The eleven units designated for prequalification 
testing passed the 125 microamperes (2 megohms minimum) at 250 VDC 
except for S/N 123 (NSI S/N 1887) and 129 (NSI S/N 1809) which failed. 
MSFC authorized use of the units for testing. 



- 28 - 


Prequalif ication Testing . Two, S/N 135 and 136, of the original 
lot of 28 units were used by Unidynamics in grain acceptance tests. 
Recorded burn times were 8.20 and 8.00 seconds, respectively. 

As outlined in the flow chart and table of results on the next 
two' pages, four units (S/N 114, 123, 125, and 129) were functioned 
at ambient temperature with no wind. Results were satisfactory 
as outlined below; 


S/N 

Burn Time (seconds) 

114 

7.96 

123 

* 

CO 

125 

8.31 

129 

7.95 


Spa3:k Pi'c .oction was in excess of 15 feet. 

Three vmits (S/N 111, 112, and 124) were functioned at high 

f 

temperature (+150 °F) with a 40-mile-per-hour cross wind. Results 
were satisfactory as outlined below: 


S/N 

Burn Time (seconds) 

111 

7.39 

112 

7.17 

124 

7.17 


Spark projection was in excess of 15 feet. 
















P=Passed 



F=Failed 


Unit 

S/N 


109 NSI 1864 
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Three units (S/N 109, 130, and 134) were functioned at low 
tempera' ure (+20°F) with a 4 0“inile-per"hour cross wind. 
Results were satisfactory as outlined below; 


S/N 

Burn Time (seconds) 

109 

8.23 

130 

8.37 

134 - 

8.39 


Spark projection was in excess of 15 feet. 

Eighty-five Percent Load Test . One unit, S/N 127, was manv\factured 
with an 85 percent nominal output charge to verify that it 
would still perform within specifications. Burn time was 5.67 
seconds, and spark projection was in excess of 15 feet. This 
unit pas.sed the post-fire leak test. 

I 

All pre-qualification units functioned properly, producing high 
density sparks. In units tested under 40-mile-per-hour winds, 
sparks drifted approximately 10 feet; however, a significant 
number of sparks were not affected by the wind and traveled 
through the center of the target area placed 15 feet from the 
unit. 

During these tests a deflector was installed on the nozzle of 
the igniter in an attempt to eliminate the errant sparks \fhich 
traveled above the 28-inch height desired at the 15-foot distance. 
The deflector was successful in eliminating these sparks. On 
December 15 approval was given to proceed with design, fabrication, 
and shipment of six deflectors. 


After pre-qualification was completed, twelve units were shipped. 
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PHASE III “ FABRICATION AND QUALIFICATION TESTING 


A total of 4 6 units were fabricated in accordance with Unidynaitiics ' 
Drawing 51-1151 and Unidynaniics ' Manufacturing Procedures 
(51-1151, Revision B) . Of these, 21 wore to go into lot qualifi- 
cation and 20 units were for shipment. The qualification report 
is Unidynamics' Document Number 51-1151-QTR-03 . Twenty-four 
units were shipped after qualification testing. 

For convenient reference, qualification results are outlined on 
the next page. 



TABLE V QUALIFICATION TEST RESULTS 







































































CONCLUSIONS 


The P/N 51-1151 NSI Igniter Cartridge has met all of the 
requirements of MSPC-SPEC-541. 



